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Recomendaciones generales:
* Leer antes de clase y entender los conceptos o preguntar si es necesario.

 Practicar bastante:

* Los quizzes virtuales y gradescope Usenlos para aprender de forma honesta (se puede inferir).
 Tengan grupos de estudio y apdyense mutuamente.

e Crear sus propias notas estudio y formulario.

 Son 4 horas de clase en la semana (asistir y ser puntuales, perder alguna es atrasarse mucho)
* Cada hora de clase son 3 horas de estudio por fuera minimo.

* Enlapptdelasemana 1 estan todos los links claves para el curso.



Thermodynamics _ Evaluation

SEMANA 1 TAREA VIRTUAL SE CALIFICA AUTOMATICO NO NECESITA PROCEDIMIENTO
SEMANA 2 TAREA VIRTUAL
SEMANA 3 TAREA VIRTUAL .
TAREA INDIVIDUAL: Esta parte incluye subir un archivo con la
solucion
COMPONENTE % SEMANA 4 TAREA INDIVIDUAL 1 + EVALUACION AULAL EVALUACION_ AULA: SEMANAS 1-2
PARCIAL 20 SEMANA 5 TAREA VIRTUAL+ EVALUACION _AULA2 EVALUACION_ AULA: SEMANAS 1-3
FINAL 30 SEMANA 6 TAREA VIRTUAL+TAREA INDIVIDUAL 2
C 50 SEMANA 7 TAREA VIRTUAL+ EVALUACION _AULA3 EVALUACION _AULA: SEMANAS 1-6
APROBACION: 11/20 SEMANA 8 PARCIAL
EVALUACION_ AULA4+TAREA INDIVIDUAL 3 +Tarea grupal 1
SEMANA 9 EVALUACION AULA: SEMANAS 1-8
SEMANA 10 TAREA VIRTUAL
SEMANA 11 TAREA VIRTUAL
SEMANA 12 TAREA VIRTUAL+ EVALUACION _AULAS EVALUACION_ AULA: SEMANAS 1-11
TAREA VIRTUAL+TAREA INDIVIDUAL 4 + Tarea grupal 2
SEMANA 13
TAREA VIRTUAL+EVALUACION_ AULAG
SEMANA 14 EVALUACION AULA : SEMANAS 1-13
SEMANA 15
SEMANA 16 FINAL

*LAS TAREAS VIRTUALES O LOS GRADESCOPE (TAREA INDIVIDAL) se abren

lunes 2pm y se cierran

sabado media noche. La tarea virtual se presenta hasta un maximo de 3 veces.
EVALUACION__AULA: es un quiz de 20 min aprox. en aula.




Session 9-10: Describe the concepts of energy, heat
and work and relate them to the principle of
conservation of energy (first law of thermodynamics).
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Thermodynamics is built on 3 empirical laws

Ot Law = Defines Temperature (T)
1st Law = Defines Energy (E,U)

2"d | aw = Defines Entropy (S)




TOTAL ENERGY

» Since a system is a quantity of matter and it has energy, it is
logical to think about quantifying it.

energy is always
conserved
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TOTAL ENERGY

» Since a system is a quantity of matter and it has energy, it is
logical to think about quantifying it.

internal energy (U)
translational motion . —_—

rotational motion

®

vibrational motion

-Pure substance

_—— -Gases




ENERGY

A macroscopic amount of mass can possess energy in the form of internal energy inherent in its
internal structure, Kinetic _energy in its motion, and potential energy associated with
external forces acting on the mass (g).

'E = Internal + Kinetic + Potential =+ KE + PE

\e:E/m :u—l—ke—l—pel/sz—I—gz
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Forms of Energy
(E) Mechanical
Electrical
. Thermal
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a. State 1

State 1

At its initial state (State 1), a
closed system has energy, Ei.
Numerical values of energy are
determined relative to a
reference state where the value
of energy is specified, usually as
zero.

State 1

At its initial state (State 1), a
closed system has energy, E:.
Numerical values of energy are
determined relative to a
reference state where the value
of energy is specified, usually as
zero.

System boundary

Select the Process 1-2 Tab to
observe how energy of the closed
system can change.

Select the Process 1-2 Tab to
observe how energy of the closed
system can change.

“

State 2
Since energy is conserved, the
change in energy of the system must
equal the net energy transferred

across the boundary. In symbols, the DV = (24 L - W 12

energy balance for a closed system is

6%’.”\"‘(? Af_ Ehc(l>|,‘a ewn c(sﬁ—’em) C?wcda 4’L)

System boundary

J C—) NETO

VT (—-7 Wy = \Nr\/ + We + \A/e}e.
—

1
Les colevlaremeas 3“4[-4:(.9»‘/\1‘_&.

UTEC

UNIVERSIDAD DE INGENIERIA
& TECNOLOGIA




Thermodynamics?
Thermo_ heat _ dynamics _ movement

E,U

Thermgdynamics involves the
storage, transformation, and
transfer of energy.

Q,W, m ( open system)

The first law relates all these variables, “m” appears only for open system (later)


https://br.pinterest.com/pin/694398836278838822/?amp_client_id=CLIENT_ID(_)&mweb_unauth_id=%7b%7bdefault.session%7d%7d&simplified=true

Energy Accounting: Energy Balance for Closed Systems

change in the amount net amount of energy net amount of energy
of energy contained transferred in across transferred out across
within a system = | the system boundary by | — | the system boundary
during some time heat transfer during by work during the
interval the time interval time interval

Ez_Ele_W

AKE + APE+ AU=0Q0 - W

UTEC ‘
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Energy Accounting: Energy Balance for Closed Systems

(AKE + APE + AU= Q0 — W

@: AU + AKE + APE Stationary Systems

Zl=22—)APE=0

V,= - AKE =0
AU = m(u, — uy) AE= AU

AKE = %m(V% _ V12) For stationary systems, AKE = APE = 0;‘

thus AE = AU.
APE = mg(z, — z1)

AE = Q12_ VV12 AU= le- VVH

& TECNOLOGIA



Work-Heat-First Law

Water contained in a piston—cylinder assembly undergoes one processes from an initial state where the
pressure is 10 bar and the temperature is 179.9 °C to 10 bar and 400 °C ( state 2).

400°C
T~
179.9°C
POLL
4,758 bar

150°C

AE = Rz — Wiz

. Water l

—

o GV\U‘/L’E

Bé Jbl \7'\7(6&0 t;l,.(_, O Cuv

The energy balance in differential form is: dE = 8Q — 8W UIEC ‘
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Energy Accounting: Energy Balance for Closed Systems

The instantaneous time rate form of the energy balance IS :

Input
shaft

Output
shaft

Ejemplo 2.4 Shapiro.
dE . . /
—=0-W




Work-Heat-Firts Law \ T /

Pump
Work

Condenser
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Refrigeration cycle % On - 1ot 10
H

2

< 1 I .

T ' '
./ dE , lW
Condenser : . )
: |
Expansion o w d S = oo
valve ompressor G—
Evaporator QL
L JUUyuuL 1
A

gQLZMCim d_EzQ_v'V

T (C)A

133 ﬁé: 112 8bar
100 N
PeBhar N | o

4538 / X
= [ 4 p=13158kar
/ 02255

17522 %107 009267

~—

{0603 _ v(m*/kg)

UTEC ‘

UNIVERSIDAD DE INGENIERIA
& TECNOLOGIA




POLL




Mass control

Work-Heat- First Law




HOW CAN A SYSTEM EXCHANGE ITS ENERGY?

a) Heat

Heat is defined as the form of energy that is transferred between two systems (or a system and its
surroundings) by virtue of a temperature difference:

UTEC ‘
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HOW CAN A SYSTEM EXCHANGE ITS ENERGY?
a) Heat

Heat is energy in transition. It is recognized only as it crosses the boundary of a system: Wov k £20
‘ —

2Kk
thermal ~
il c i Conduction v_)
n n \ :
SURROUNDING f HEAT onvectiol ;
AIR . ™ L\ & @
///—— - - heat
\
4 BAKED POTATO = / )
0 iy .", /" Radiation
¢ boundary | thermal y
N > energy | | 27
N o ___— =

________

Heat transfer per unit mass of a system is denoted ¢ and 1s determined from:

Q (kI/s) or kW

N kJ/k
0 LQ [ () Wke) g

N
I
Sl
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WHO | CAN RELATE Q, g AND Q and Q

Hod medo L Q

q??
Q11=30KT R

Ta Q ple




HOW CAN A SYSTEM EXCHANGE ITS ENERGY?

a) Heat adiabatic

ADIABATIC

During an adiabatic process, a system
exchanges no heat with its surroundings

UTEC x
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 DEFINITION: b) Work --is done by a system (on its surroundings) if the sole effect on
everything external to the system could have been the raising of a weight

Y

2
OW = PAdx === OW = PdV =—> W=fl PdV
15

Pared del

cilindro \

L 3 2
A Posicién micial
del pistén
bar - m” = 100 kJ
il 9

a
@tsoldovieri

UTEC ‘
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« DEFINITION: Work -- is done by a system (on its surroundings) if the sole effect on everything
external to the system could have been the raising of a weight

Sistema B

When both V and 7 remain constant during the time interval At

W= VI (W) (/s=W)

W, = VI At (J)
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The Moving Boundary Work ( PV -Work) -i’s‘,;f.) A

Area = work
for process A

v

(" Illustration that work
L depends on the process.




The Moving Boundary Work ( PV -Work)

In Mechanics: W = ffaw =
1

Moving Boundary Work: SW = PAdx == W = PV == W =

Process path

If the process is quasistatic (or reversible), the
pressure within the system can be considered
uniform at each instant. Therefore, a single
pressure value is representative of the system, and
the boundary work can be written as above




Boundary Work: Net Work per Cycle

calor isobarica P
4 Pevaporacién
[ 1

Qentrada

Qsalida

Pcondensaci(‘)n 1 9

we

 For path functions j;éfW = {) PdV =0

* This enables cyclic devices (car engines,
power plants,...... ) to produce net work.




The Moving Boundary Work ( PV -Work)_[lESISicne

2 P
In determining the integral: W = f Pdv ,
1 150“"

ot

—
[

} * Relation P-V obtained mathematically or for a model or for a process.
o

Area=w,,

L.'n‘aL n S

e

: P
( 3 nJ = a @  Theareaunder the processcurve (a rapezoid) s determinedtobe:
r i HO  <oem Wiz = (P3+P2)(V3-V2)/2=1 75kJ




Boundary Work for ISOCRHOTIC process

* Isochoric process --dV =0

» Heating or cooling at constant volume.

W. = | PdV=0




Boundary Work for a Constant-Pressure Process

Area = wy,

L Y
e

=

V' volumei.e. m?

kpo - v 11 K

=
W5

V specific volume i.e. m¥/kg

A
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Ideal Gas Law

® To turn a proportionality into an equation, insert a constant:

PV =n R 7 | Where “R " is the universal gas constant. \/ volume i.e. m.

n or N =m/M (mass/molar mass)

-R - V specific volume i.e. m¥kg; “R/M ”= R, =R=gas constant

& TECNOLOGIA



Boundary Work:_Isothermal Compression of an Ideal Gas

2 2
W, = J Pa’V=J cv'd
| 1

2 2
- Vy
W,= | PdV = CV dV=PVInl —
1 1 Vi

2 2 V.
W, = J PadV = J cy! dV=m[ﬁ/IViToln(v2>
1 1

1




Boundary Work: Polytropic Process

PV" = C C =P V= PVj

Vit vt PGPV (W)

—n+ 1 1 —n

2 2
W, = J Pav = J CYU™aV=C
1 1

For an ideal gas (PV = mR/MT)

_ mR/M (T, — T))
=7

(kJ)

b

& TECNOLOGIA



EXAMPLE 1: The volumen of 1 kg of helium (ideal gas) in a piston-cylinder device is initially 5 m3.
Now helium is slowly (reversible) compresed to 2 m3 while its pressure is mantained constant at 180
kPa. Determine the initial and final temperaturas [K] of helium as well as the work required to

compress it [kJ].

Assumptions The process is quasi-equilibrium. . 1 . 2
Properties For helium is R/M = 2.0769 kJ/kg K (Table A-1) -
He

The initial sate: 5 m3 ‘ _~

Using the ideal gas equation: 1kPa-m3=1kJ.

P, xVy  (180kPa)(5m>/kg)

T, = — = = 433.3381 K
V" m«R/M ™~ 1.0kg *2.0769 kj /kgK
Final state: _1@0 kP
ﬂpi -1% 20
Since the pressure stays constant: P\ =wmerT,
L am?

k| kj
T, = 173.3353 K UTEC ﬁ




A
: : : kP2

And the work integral expression gives: (iba)

2 | 2 1
W, = f PdV = P(V, — V) = 180kPa. (2 — 5)m? 180

1

W, = —540 k | ; >

b ] 2 35 v (mS)

We will se later that W < 0 imply that work is done on the system




EXAMPLE 1.3: 4 kg of ammonia in a piston—cylinder assembly undergoes a
quasistatic constant pressure process. The initial state is saturated vapor at 4 bar,
and the final temperature is 20°C. Determine (a) the volume change, in m3, and (b)

the work for the process, in kJ.

5tite @)

TABLE A-15
b (Continued)
S t 3"' na T e U h S --------
at. vap. °C_ mfkg  K/kg  k/kg _ K/kg: K

--------------

------------

p = 4.0 bar = 0.40 MPa
(Tear = —1.90°C)

------

------------

Specific volume: Sm‘@ 20 0.34129 | 1358.81 [ 1495.33T 5.5515

Specific Volume Internal Energy Enthalpy Entropy
m’/kg K]/ kg K]/ kg K|/ kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press.| Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor | Press,
bar °C v X 10° v uy u, y figg h, S S, bar
4.0()‘ —1.90 1.5597 0.3094 I 170.55 1316.12 171.18 1268.71 1439.89 0.6776 | 5.3548 4.00

AV = m(v, —v;) = 4 % (0.34129 — 0.3094) = 0.1276 m?
UTEC




Considering the process reversible (Quasistatic process):
W = deV =PV, -V,

W = PAV

W = 400 kPa x [0.1276]m3

W = 51.04 kJ




EXAMPLE 2.3: A gas Iin a piston—cylinder assembly undergoes a quasistatic
process for which the relationship between pressure and volume is pV? =
constant. The initial pressure is 1 bar, the initial volume is 0.1 m3, and the final
pressure is 9 bar. Determine (a) the final volume, in m3, and (b) the work for the

process, in kJ.
o 2

Gas

1bar ‘ GAS
PV"=C = const. P

0.1m3 Qbar

The final volume:

PVE =P, V;f >1x01>=9xVZ >V, =0.0333m3

& TECNOLOGIA



2 2 —n+1 —n+1
V -V %Q—Pv
WbZJPdk/:[CV”dV:C 2 +1‘ = i (kJ)
—n
1 1

900 x 0.0333 —100x 0.1
W =

=-1997k
1-2 /

UTEC ‘
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EXAMPLE 3.1: A mass of 1.5 kg of air(ideal gas) at 200 kPa and 27°C is contained
in a frictionless piston—cylinder device. The air is now slowly (reversible)
compressed to a final pressure of 500 kPa. During the process, heat is transferred
from the air such that the temperature inside the cylinder remains constant. Calculate

the work input during this process (kJ).

. Air in a cylinder is compressed at constant temperature until its pressure rises to a specified value.
*  The boundary work done during this process is to be determined.

Assumptions 1 The process is quasi-equilibrium. 2 Air is an ideal ias. - E-

Properties The gas constant of air is R/M = 0.287 kl/kg.K

|Isothermal Process

2 PV =P,V

Air
1.5kg
200kPa

27°C 500kPa > V

T= 27°C

Air

& TECNOLOGIA




The quasi-static isothermal process, the work is:

2 2m(R/M)T _ Vv,
w =f Pdv =f ————dV =m(R/M)TIn—=
1 1 4 Vl

The isothermal process:

P,V; = P,V. —>—V2 —Pl\
= =
11 227y = p)

Replacing:

200
W =15x 0287 x (27 +273.15) x In¢ ) |W = —118.3981 k/|




(Insulation)

Burning of a Candle in an Insulated Room

A candle is burning in a well-insulated room. Taking the room
(the air plus the candle) as the system, determine (a) if there
is any heat transfer during this burning process and (b) if
there is any change in the internal energy of the system.

Analysis

(a) The interior surfaces of the room form the system boundary, as indicated by the dashed lines in
the Fig. Heat is recognized as it crosses the boundaries. Since the room is well insulated, we have an
adiabatic system and no heat will pass through the boundaries. Therefore, Q = 0 for this process.

(b) The internal energy involves energies that exist in various forms (sensible, latent, chemical,
nuclear). During the process just described, part of the chemical energy is converted to sensible
energy. Since there is no increase or decrease in the total internal energy of the system, AU =0 for this

proceSS.
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Heating of a Potato in an Oven

A potato initially at room temperature (25°C) is
being baked in an oven that is maintained at
200°C, as shown in the Fig. Is there any heat
transfer during this baking process?

(Insulation)

OVEN
Heat

POTATO
258

200°C

Analysis This is not a well-defined problem since the system is not specified. Let us
assume that we are observing the potato, which will be our system. Then the skin of
the potato can be viewed as the system boundary. Part of the energy in the oven will
pass through the skin to the potato. Since the driving force for this energy transfer is a

temperature difference, this is a heat transfer process.

sssssssssss



Heating of an Oven by Work/heat Transfer System boundary

A well-insulated electric oven is being heated through its heating
element. If the entire oven, including the heating element, is taken

to be the system, determine whether this is a heat or work
interaction.

Electric oven

pale|nsul

Heating element

Analysis For this problem, the interior surfaces of the oven form the system boundary, as shown in
the Fig. The energy content of the oven obviously increases during this process, as evidenced by a
rise in temperature. This energy transfer to the oven is not caused by a temperature difference

between the oven and the surrounding air. Instead, it is caused by electrons crossing the system
boundary and thus doing work. Therefore, this is a work interaction.

i
]




Heating of an Oven by Work/heat Transfer

System boundary

If the system is taken as only the air in the oven without the

heating element. Determine whether this is a heat or work
interaction.

Electric oven

paje|nsul

Heating element

L\

Analysis This time, the system boundary will include the outer surface of the heating element and will not
cut through it, as shown in Fig. Therefore, no electrons will be crossing the system boundary at any point.
Instead, the energy generated in the interior of the heating element will be transferred to the air around it

as a result of the temperature difference between the heating element and the air in the oven. Therefore,
this is a heat transfer process.

Discussion For both cases, the amount of energy transfer to the air is the same. These two examples show
that an energy transfer can be heat or work, depending on how the system is selected.







